The in vitro instability of nitrate reductase (EC 1.6.6.1) activity from leaves of several species of higher plants was investigated. Decay of activity was exponential with time, suggesting that an enzyme-catalyzed reaction was involved. The rate of decay of nitrate reductase activity increased as leaf age increased in all species studied. Activity was relatively stable in certain genotypes of Zea mays L., but extremely unstable in others. In all genotypes of Avena sativa L. and Nicotiana tabacum L. studied, nitrate reductase was unstable. Addition of 3% (w/v) bovine serum albumin or casein to extraction media prevented or retarded the decay of nitrate reductase activity for several hours. In addition, the presence of bovine serum albumin or casein in the enzyme homogenate markedly increased nitrate reductase activity (up to 15-fold), especially in older leaf tissue.
Nitrate reductase (EC 1.6.6. 1) extracted from leaf blades of Oh43, an inbred line of corn (Zea mays L.), was previously reported (9) to be unstable when stored at 0 C. Decay rate of activity increased from 2%/hr in 8-day-old seedlings to 31%/hr in 13-day-old seedlings. Attempts to stabilize the activity were unsuccessful (9) .
We have recently identified several other genotypes of corn which have unstable activity; with oats (Avena sativa L.), wheat (Triticum aestivum L.), barley (Hordeum vulgare L.). rye (Secale cereale L.), and tobacco (Nicotiana tabacum L.), no genotypes with stable nitrate reductase activity were found (unpublished data). Thus, the potential capacity for enzymic reduction of nitrate may have been grossly underestimated by in vitro assays in many earlier studies. In olders leaves of oats and corn, normal extraction and in vitro assay (6) may have underestimated nitrate-reducing capacity by as much as 15-fold. Because measurements of nitrate reductase activity have been used as an index in selecting desirable stocks in plant breeding programs, it is essential that enzyme activity be stabilized in all extracts for genotypic comparisons (7, 8, 10) , or for comparisons of enzyme activity with total accumulation of reduced nitrogen in plant parts (2, 4, 5) . Hence, we report in- vestigations of the instability phenomenon in corn, oats, and tobacco, and development of a procedure for stabilizing nitrate reductase activity after extraction.
MATERIALS AND METHODS
Corn seedlings and oat plants were grown in environmental chambers as previously described (1) . Also corn was grown in the field. Tobacco was planted in soil in the greenhouse, but was transferred to environmental chambers at 6 weeks of age, and watered daily with nutrient solution described earlier (1 Because loss of nitrate reductase activity was a first order reaction ( Fig. 1) , it seemed likely that another enzyme was involved in the inactivation of nitrate reductase. To afford pro-tection to nitrate reductase from proteolytic enzymes after extraction, protein was added to the extraction media. Preliminary experiments with various proteins (peptone, gelatin, hemoglobin, bovine serum albumin, and casein) showed that bovine serum albumin and casein were most effective in experiments with corn and oats. Not only did these proteins help stabilize nitrate reductase after extraction, but the level of activity was increased, especially in more mature tissue.
The level of nitrate reductase activity in extracts from oat leaves with no additives decreased rapidly as the age of plants increased (Table I) . Nitrate reductase activity was also less stable in extracts from older tissue. Addition of 3% (w/v) bovine serum albumin partially stabilized the activity. However, casein was superior to bovine serum albumin for stabilization of nitrate reductase from oats in all three experiments; 3% (w/v) was the optimal concentration (unpublished data).
In addition to stabilization, higher activities were obtained in extracts containing bovine serum albumin or casein (Table  I) (9) , and an F1 hybrid (W64A x W182E) having relatively stable activity indicated that 3% (w/v) bovine serum albumin or casein was optimal for both extraction and stabilization of nitrate reductase (unpublished data). Activity from 11-day-old Oh43 seedlings was doubled by addition of 3% (w/v) bovine serum albumin or casein to the extraction medium (Table II , experiment A), whereas activity was increased 3-fold in 89-day-old field-grown plants (experiment B). Activity was stabilized by bovine serum albumin or casein for at least 2 hr after the initial assay in the seedlings, but some decay occurred after 2.5 hr in extracts from older leaf blades. Activity in the hybrid (W64A X W182E) was increased about 30% by addition of bovine serum albumin Plant Physiol. Vol. 53, 1974 or casein. Stability was not affected in the already stable seedling extracts, whereas bovine serum albumin caused a slight reduction in decay rate of nitrate reductase activity in extracts from older leaf blades.
It should be noted that Oh43 has been classified previously as low in nitrate reductase activity (7, 8) . However, when bovine serum albumin or casein was added to the extraction medium, high levels of nitrate reductase were extracted (Table  II) . These high values compare favorably with the highest values obtained previously for any genotypes (7, 8) . In studying the effect of bovine serum albumin on nitrate reductase extracted from 26 genotypes of corn at several ages, the level of activity was increased in all genotypes at every sampling (unpublished data), but genotypes with unstable activity showed the greatest increase. A 3-fold difference in nitrate reductase activity was observed among the genotypes when 3% (w/v) bovine serum albumin was added to the extraction medium as compared to a 10-fold difference among genotypes extracted in the absence of bovine serum albumin. Thus, genotypic differences still existed, but nitrate reductase in genotypes with unstable activity has been underestimated in the past when conventional extraction procedures (6) 
